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INTRODUCTION 
A combination of an efficient elliptic grid generation scheme based on variational princi- 
ples and a dynamically adaptive grid routine in which the grid points are made additional 
variables have been explored in this study. 
For simplicity, the method is tested by considering the two dimensional solution of the 
Laplace equation on an arbitrary ‘fanlike’ geometry, (Figure l), whose boundary conditions 
are specified in such a way as to encourage the formation of singularities and high gradients 
within the computational domain. 
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Figure 1. 
TRANSFORMATION 
The transformation of the physical domain is achieved according to Thompson e2 al. [l] 
by solving a pair of coupled nonlinear elliptic partial differential equations, given by: 
o&t - 2PB<,, + TX,,, + J2(PXE + SX,) = 0 (1) 
aY& - 2PY<,, + yYq,, + J2(PYt + SY,,) = 0 (la) 
where 
a! = x; + Y; (lb) 
P = x’<x, + Y<Ylj (lc) 
7 = ,x-s” + Y;L W) 
J = X,Y, - x,Y( (le) 
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Similarly the Laplace equation transformed into the t and 77 plane and discretized yields: 
The general form of the difference equations which result from the above equations, as 
well as the solution methods, are very well known and hence in the interest of brevity shall 
not be repeated in this work. It should be pointed that in the solution procedure developed 
herein the P and S source terms used in equations (1) and (la) are discarded in favor of a 
dynamically adaptive procedure that stretches or clusters the grids according to a defined 
property of a dependent variable. 
ADAPTIVE GRIDS 
The change from a uniform to a nonuniform grid distribution can be regarded as a trans- 
formation in space in a given direction and should reflect the magnitude of the gradients 
that appear in the solution variable. The strategy adopted herein is a solution dependent 
transformation which proportions the grid points on the curvature of the scalar profile and 
is given by: 
t(x) = 
J,“{1+ A I g 1 +w 1 k I}dx 
Jo-{ 1+ I 2 I +w I H I}dz 
where k, the curvature of the scalar profile is defined by: 
,=&lPl$l 
[ 1+ I 2 I2 1 5 
(3) 
(34 
In this application X = 0.75, w = 0.3, cr = 0.5. 
Equations (3) and (3~) are modifications of an earlier method used by Dwyer and Onye- 
jekwe [2] to deal with large gradients of the dependent variable that accompanied the solution 
of the Navier-Stokes equations on an irregular domain. 
RESULTS AND CONCLUSIONS 
The algorithm developed in this study is checked by comparing the results with that of an 
analytical solution obtained for a rectangular geometry with the same boundary conditions. 
Results obtained very close to the wall (along the z axis for y = O.l), where high gradients 
are anticipated, gave a maximum error of 1.02% for 11 grid points and 0.29% for 21 grid 
points. Using the Crank Nicholson Scheme without transformation and grid adaptation, 
and solving the transient version of the Laplace equation to steady state, maximum errors 
as high as 15.4% and 3.9% are obtained respectively. 
The model problem is then solved iteratively with the adaptive grid routine employed a 
couple of times during this process until convergence is achieved for a permissible error of 
1 x 10-4. 
Figure 2 [3] displays the initial grids and Figures 3 and 4 show the adapted grids and the 
resulting isotherms. Note the cluster of grids very close to the singularities and the shape 
of the isotherms within the computational space. 
These physically intuitive results indicate that high accuracy can be achieved with bound- 
ary fitted coordinated dynamically coupled with grid adaptation technique. This may well 
pave the wa.y for efficient solution of fluid problems involving natural boundaries and some 
other solution properties which pose difficult problems with conventional methods. 
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Figure 3. Figure 4. 
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